In Hong Kong, a number of medium-scale Building Integrated Photovoltaic (BIPV) systems were completed in last few years. These BIPV projects included government building, commercial building, schools, institutional building. The power rating the BIPV system for each project is in the order of tens of kilowatts. Most of these BIPV systems are gird-connected type to eliminate the bulky and troublesome battery banks. Some of these projects are retrofitting on existing buildings; while some are parts of a new building. The paper will give details on the design of these PV systems in Hong Kong, including system configurations, design considerations, protections, grid-connection interfacing, power quality issues, their performance, technical difficulties encountered, and experience gained.
INTRODUCTION
There has been a general public impression that application of solar energy is not relevant to urban areas with high population density. However, "sustainable development" has become the worldwide trend of city development, lowering energy consumption and reducing emission of CO2 now is a major issue of concern for both engineers as well as the general public.
With a careful design in suitably selected applications, building integrated photovoltaic (BIPV) can achieve this aim; this is especially true for office buildings in tropical and sub-tropical cities. For BIPV systems in Hong Kong situation, it is believed that AC grid-connected is the best choice because of several unique geographical, economical and social characteristics of Hong Kong. A brief schematic diagram on the concept of these grid-connected BIPV systems is illustrated in Figure 1 .
In designing an AC grid-connected BIPV system for Hong Kong, engineers have to consider a lot of variable factors such as local climate situation, property location, shadow profile, orientation of PV panels, panel configuration (type of wiring and/or using more than one type of panels), inverter configuration, etc. It is better to make a choice based on a detailed calculation to find the optimized system configuration for a BIPV system. 
BENEFITS OF BIPV SYSTEMS
Conventionally, the major obstacles in application of photovoltaic technology are [1]: * The high capital cost of the PV panels * The requirements of a large and bulk supporting structure and its associated cost, * The requirements of a large and bulk battery set to carry the system during night time and bad weather conditions, and * The high capital, replacement and maintenance cost of the battery set, which needs regular maintenance and be replaced every 3 to 5 years.
However, all these problems are not that critical in the BIPV case. First of all, the high capital cost of PV panels is large offset by the cost of the otherwise required curtain glass panels or metallic cladding panels, which are also expensive. Table 2a to Table 2c . From the collected data, the performance of BIPV systems at different part of a building in Hong Kong situation will be analyzed. Details of these three systems are shown in Table 3 , while a photo of the Roof Rack BIPV system is shown in Figure 2 . 
BIPV system on a building at Peking Road
It is a commercial project, a BIPV system was installed into a 29-storey commercial building including shopping arcade, restaurant and office located at Peking Road in Tsim Sha Tsui. The PV panels of total area 200 m2 were installed on a south-east facing vertical top of this building. The BIPV system is standalone system with batteries to drive motors for the blind.
The BIPV system was made from 144 numbers of double laminated 8+8mm heat-strengthen glass PV module; each of module occupied 72 numbers of lOOxlOOmm silver colour polycrystalline silicon cell.
One inverter is used in the system. The total peak power generated is about 7.2 kWpeak. The system was completed in Dec 2002.
BIPV Systems of Ma Wan School
In 2003, fours BIPV systems are being installed on to a new primary school in the Ma Wan Island of Hong Kong. It is a completely integrated system, all the BIPV subsystems were designed together with all other parts of the building, and the monitoring of the BIPV subsystems is also part of the energy management system of the building. Two of the BIPV systems are used deck shadings, one is used as roof-light and the fourth one is used on canopy. These systems will also be used for educational purposes for teaching students on the passive and active uses of solar energy. Details of these four systems are shown in Table 4 , while a computer simulated image of the completed school is shown in Figure 3 . The whole project will be completed by the end of this year. Typical monthly energy yields for grid-connected BIPV systems are shown in Chart 1. One of the system is a roof-top mounted BIPV system with PV panel laid almost horizontally, while in the other system the PV panels are laid vertically and facing south. Both of them are grid-connected systems, hence the energy yields are the net AC energy generated into the grid after deducting the AC energy consumption of the systems.
will join into this wave of applications of BIPV systems.
Surely, grid-connected BIPV systems should be the main stream of BIPV systems in Hong Kong situation, instead of stead alone system. This will take away the high initial cost, bulky space requirements and troublesome maintenance issues associated with the battery storage system. However, this needs some change of the local regulations of electricity supply.
Net The study in the report identified that photovoltaic, wind energy, energy from waste and building integrated fuel cell are four potential sources of renewable energy for wide scale applications in Hong Kong. Furthermore, the study also suggested that the initial targets of local renewable energy contribution to annual power demand should be set at: 1% by 2012;2% by 2017; and 3% by 2022.
CONCLUSIONS
In this paper, the concepts and benefits of BIPV system were presented. Several major cases of completed or ongoing BIPV systems in Hong Kong were detailed. The development directions in the near further for Hong Kong were also discussed. Renewable energy is surely becoming a more significant part in our daily life in order to achieve a sustainable development, and we will see more and more BIPV systems will be incorporated into existing and new buildings. At the same time, the Buildings Department of the HKSAR Government is also giving incentive to building developers to incorporate "green features" in to buildings. Therefore integrating BIPV system into green features of building should be the way forward for Hong Kong in the aspect of applications of solar energy. This approach will enable PV panels to serve multiple purposes, and also reduce the marginal cost of the BIPV system per kW of installed capacity, or per kWh of expected annual yield. The authors are expecting that after a few demonstration projects from the Government and the public sector, private building developers
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